The waters surrounding Antarctica abound with a variety of plants and animals, whereas the continent itself is limited for the most part to lichens and mosses of the plant kingdom; the only truly indigenous, terrestrial animals include about 50 species of arthropods consisting of ffies, sucking and biting lice, mites, springtails, and ticks (Gressitt and Leech, 1961) . Although some of the species of penguins nest on land, all of their food is derived from the sea. Therefore, the number of strictly terrestrial animals is restricted to arthropods, and to two other species which have recently been introduced, namely man and the sled dog.
Despite this paucity of animal life, however, bacteria in limited numbers have been found (Ekel6f, 1908; Darling and Siple, 1941) in soil, air, and water, and it has been suggested that air currents are responsible for transmitting these forms to Antarctica from other geographical areas.
Ross Island in the Ross Sea area has been the scene of exploration for more than 60 years.
From 1901 to 1904 (Scott, 1905 ) and 1911 to 1913 (Scott, 1923 , two British expeditions of Scott were based in the McMurdo Sound area, and Shackleton (1909) also established a base in 1907 on the Island near the Adelie penguin rookery at Cape Royds; with the exception of Scott's first expedition, Siberian ponies were used for sled hauling. At the present time, the United States maintains a permanent base at McMurdo Sound, and the New Zealand government also has a station nearby at Pram Point where sled dogs are still used for hauling loads of supplies. Since man has been in this area for only a limited amount of time, there should be areas still relatively uncontaminated. Therefore, while the senior author was a member of the U.S. Antarctic Research Program for 1961-1962 at McMurdo Sound, soil samples from Ross Island were collected and studied to determine indigenous bacteria and also forms which might have been introduced through the past and present activities of man, including bacteria from his intestinal tract as well as from other animals.
MATERIALS AND METHODS
Dilutions of all soil samples were routinely plated on Desoxycholate Agar (Difco), and on occasion 1-g quantities were inoculated into Lactose Broth (Difco) and incubated for either 24 or 48 hr at 35 C. Those tubes which showed gas production were further studied, using the procedure for carrying out the standard potability test for water (American Public Health Association, 1955) . In some cases, selected isolates were reisolated, subcultured to nutrient agar slants, and characterized according to the criteria outlined in Bergey's Manual (Breed, Murray, and Smith, 1957) . Enumeration studies were carried out using procedures previously described (Boyd, 1958) .
RESULTS
No coliform bacteria were found in samples of soil taken in the Adelie penguin rookeries at 1121 on October 2, 2017 by guest http://jb.asm.org/ Downloaded from BOYD AND BOYD Cape Royds and Cape Crozier or in a number of soils on Ross Island and the mainland. These data confirm the original observations of Sieburth (1961) that penguins, feeding on euphausid crustaceans, have antibiotic-producing phytoplankton in their stomachs, which result in an altered bacterial population among their gastrointestinal flora; skua and some of the other predators of the penguin might also be affected in the same manner.
At one time or another during the [1961] [1962] program, at least 1,000 people were present at the McMurdo Base. In general, human sewage was collected from three areas and transported in cut-down 55-gallon oil drums to the fast-ice near the shore. Paradoxically, samples from the soil surrounding the toilets were free of coliform bacteria as determined by lactose enrichment techniques, even though in most cases the soil had been contaminated only a few days to 1 to 2 weeks previously when barrels were removed for disposal. In most cases, however, the over-all bacterial counts of these contaminated soils were higher than in samples of soil remote from the possibility of contamination (Boyd and Boyd, 1963) . These initial studies suggested that coli- Further studies were concerned with sampling pony manure, since this material represented a biological marker from which the approximate date of its introduction to the continent could be ascertained. A total of 208 samples (1 g) selected at random from Shackleton's dump at Cape Royds were collected and analyzed for the presence of lactose-fermenting coliform bacteria. Only one sample was positive, and, upon further isolation and study, it was identified asEscherichia coli Ro. A similar study of 200 samples of material from Scott's base at Hut Point was also negative in all cases for coliform bacteria. However, other gram-negative bacteria, such as Pseudomonas fluorescens and Achromobacter liquefaciens, were isolated from manure; an anaerobic spore-forming rod, closely resembling Clostridium sporogenes and capable of peptonizing and reducing litmus milk, was also isolated. 
COLIFORMS IN ANTARCTIC SOILS
In an attempt to quantitate the rate of death of coliform bacteria in soil, a sampling site was selected at the base of Observation Hill at the McMurdo Base which consisted of the volcanic soil common to most of the island. The area was not sterile but was found to support a measurable population of viable bacteria (Table 1) under natural conditions, and none of the chemical constituents which were determined (soil testing kit manufactured by Hellige, Inc., Garden City, N.Y.) was present in toxic amounts for plant growth (Table 2) . However, the moisture content of 1.7 % was relatively low.
Over a 6-week period, massive samples of approximately 10.5 quarts of soil were removed each week, sieved through a standard sieve (U.S. Standard sieve series no. 10, openings of 2,000 ,u), and inoculated with one of two freshly isolated human strains of E. coli (Bo and Bu) or the strain isolated from pony manure (Ro) at Cape Royds. The soil was then replaced at the surface, allowed to stand for 2 hr for temperature equilibration, and the initial count and temperatures were determined. Enumeration was carried out using Desoxycholate Agar until less than 30 colonies appeared when a 1:10 dilution wasplated, after which lactose broth enrichment technique was used until no gas was observed in the Durham tubes.
The results presented in Fig. 1 show that in most cases the death rate was both rapid and logarithmic. Similar results were observed when coliform bacteria were inoculated in arctic soils (Boyd and Boyd, 1962) Many of the scientific bases established during I.G.Y. are now permanent, so microorganisms will continue to be introduced. As in temperate regions, the environment may selectively inhibit the growth or result in the death of some species, while allowing others to survive. Since soil may act as a reservoir for pathogenic microbes, it would be of interest to determine the viability of pathogens under these conditions. Sieburth (1961) has shown that Salmonella may be present in the intestinal tract of antarctic birds. Therefore, more information is needed so that public health, as well as the importance of bacteria in the ecology of antarctic regions, can be better evaluated.
